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Carbapenemases in Enterobacteriaceae
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Carbapenem Resistance in
Enterobacleripceage :

Here is the Storm!

P. Nordmann, L. Dortet, L. Poirel

Penicillins Cephalosporins Carbapenems

Extended-spectrum B-lactamases (ESBL): CTX-M
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The carbapenemases in Enterobacteriaceae

— — e

Penicillins Cephalosporins  Cephalosporins B-lactams/ Carbapenems
Enzyme 1stet 2 3r/4 th Inhibitors of
generation generation B-lactamases
Ambler class cefepime
cefpirome
Penicillinases: KPC, IMI, GES..
A [ ]

Metallo-enzymes: VIM, IMP, NDM-1

- |

Oxacillinases =0XA-48, OXA-181

D S . T S

* Cephamycins excluded for most class As




KPCs: Klebsiella Pneumoniae Carbapenemase

ANTIMICRORAL AHITS AT CHEOTIERAFY, T.Iul.p JIL]=I Vol &, Ko 4
[ DT T T T T et L AR ETO ]

Cipargha © 201, Aomaricss Seawty ke Macrnbarogy. AR Rgbs Beurvicd

Novel Carbapenem-Hydrolyzing B-Lactamase, KPC-1, from a
Carbapenem-Resistant Strain of Klebsiella prenmoniae E
HESPNA YIGIT," ANNE BIARE QUEENMAN " GREGORY 1. ANDERSIN,

ANTONID DOMENECH-SANCHEZ." IAMES W. REDDLE" CHRISTINE D. STEWARD'
SERASTIAN ALBERTL" KAREN BLEHS s FRED C TEROVER'™
Mol Infrcoons Program, Nevomal Crmaer jor Iufecaon Dorsar, oo for Diosesr Cosserol and Prevwsson,
Adgoa, (g WTE The B W Lbnom Prarmocrumcal Bovoek Sooease Bomten, N Sran SR80, and
Frudad dr Tosrmpecam, Magssed S (awa, Avdees (ora, Palea de Wallorra, 0000L" nu'.-irmdrifrrrl'ldw
Dveverruiad g lr Moar Balswvs, Crma Vallivessia, Paled g% Malosra, 0707 Spam

Korerend 19 Srpirssber A0 Frrareed kv mockSonsm {1 Moember XN Aeorgpied 5 sy 2001




Rapid Spread ol Carbapenem-Resistant
Klebsiclla pneumoniae in New York City -rhe KPC eﬂzymes
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Plasmid-Mediated Imipenem-Hydrolyzing Enzyme KPC-2 among
Multiple Carbapenem-Resistant Escherichia coli Clones in Israel
ANTRMICROBIAL AGENTS AND CHEMOTHERAFY, Aug. 2007, p. 3026-3029 VYol 51, No. 8

0066480 OTENR00-+0  doi: 10.1 L8 AMCO0T0007
Copyright © HN7, American Sociesy for Microbiology. All Rights Reserved

Emergence of KPC-2 and KPC-3 in Carbapenem-Resistant
Klebsiella pnewmoniae Strains in an Israeli Hospital”

Azita Leavitt, Shiri Navon-Venezia, Inna Chmelnitsky, Mitchell 1. Schwaber, and Yehuda Carmeli®

N AR Division: of Epidemiology and the Laboratory for Molecular Epidemiology and Antibiotic Research,
it O Tel Aviv Sourasky Medieal Center, Tel Aviv, Frrael

Francois Blot?, Elisabeth Chachaty! and Guillaume Arlet®#*

E. Cloacae KPC-3

E. coli, et E. cloacae
Intercontinental travels of patients and
dissemination of plasmid-mediated carbape (Pe.‘.r‘e”a’ AAC' 2008)
KPC-3 associated with OXA-9 and TEM-1 -
Laurent Dortet!, Irina Radu!, Valérie Gautier2, (JAC: 2009) A

Plasmid-Mediated Carbapenem-Hydrolyzing B-Lactamase KPC in a
Klebsiella pneumoniae Isolate from France

A Naas, Nordmann, Vedel, Poyart
L AAC 2005, 49 ; 4423-4
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The carbapenemases in Enterobacteriaceae
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Charactenzation of a New Metallo-B-Lactamase Gene, ﬁ?ﬂﬂnm_l, and a

Novel Erythromycin Esterase Gene Carried on a Unique Genetic
Structure in Klebsiella pneumoniae Sequence Type 14 from India”

Dongeun Yong,'” Mark A. Toleman,” Christian G. Giske,” Hyun S. Cho,* Kristina Sundman,*
Kyungwon Lee,' and Timothy R. Walsh®®

Yonsei University College of Medicme, Research Mssinge of Aveimicrobial Resisonce, Seoul, Republic of Korea'; Deparsmens of
Medical Microbioloyy, Candiff University, Cardiff, United Kivgdor®: Climical Microbiology, MTC—Karolinska Iestinuer,
Karolinske Univeraw Hospatal, Stockholdm, Sweder; Yonsei Univernty College of Life Science and Bioeechnoloy,
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Spread of NDM-1 from India/Pakistan to the UK
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Multidrug resistance patterns of

NDM-1 producers |
———

UK {n=37) Chennai (n=44) Haryana (n=26)
MIC;; MICy (mg/l)  Proportion MIC;; MIC, (mg/l)  Proportion MIC;; MICy (mg/l)  Proportion
susceptible* susceptible® susceptible®
Imipenem 32128 0 64; 178 0% 32128 0%
Meropenem 3Lz 3% 3% =12 1% »3L =32 3%
Piperacillin-tarobactam »6d; w64 e »04; » 64 0% »64; =64 0%
Cefotaxime »256; =256 0% » 206 =256 0% »2L6; =256 0%
Ceftaridime »256; =256 i » 256 » 256 0% »2L6; »256 0%
Cefpirome »Bd; wbd i3 » Bl B 0% =6d; w64 0%
Aztrecnam w6, w64 1% » 6 =64 0% »64; =64 Ex
Ciproflacacin » 8 =8 b ] »8: =8 B = =8 8%
Gentamicin »32; =32 3% >332 =32 I% »32; =32 3%
Tobrammycin o L 0 O LR & w4 wd 2 0
Amikacin »Bd; 264 0 » 64 264 0% =64 n64 0%
Minoccycline 16; »32 1] 32-»32 L 1p ] B: 16 0
Tigecycline 1.4 4% 48 06% 1.2 7%
Colistin 0L 8 Bt 1.32 O4=f 1.2 10075 F
MIC-minimum inhibitory concentration. *Susceptibility defined by British Society for Antimicrobial Chemotherapy and European Committes on A ntimicrobial Susceptibility
Testing breakpoints; doycydine breakpointswere used for minocydine. +Colistin resistant UK isolates were one isolate of Morganella morganii and one Providencia sp (both
intrinsically-resistant species), also one Klebgiella pnewmonice and one Entercbod e sp.
Table: Antibictic susceptibilities for NDM-1-positive Enterobacteriaceas isolated in the UK and north (Chennai) and south India (Haryana)




Dissemination of NDM-1 positive bacteria in the New Delhi
environment and its implications for human health: an
environmental point prevalence study

Timot ty B Walsh, Janis Weeks, David M Livermore, Mark A Toleman

Summary

Background Not all patients infected with NDM-1-positive bacteria have a history of hospital admission in India, and
extended-spectrum P-lactamases are known to be circulating in the Indian community. We therefore measured the
prevalence of the NDM-1 gene in drinking water and seepage samples in New Delhi.

Methods Swabs absorbing about 100 pl of seepage water (ie, water pools in streets or rivulets) and 15 mL samples of
public tap water were collected from sites within a 12 km radius of central New Delhi, with each site photographed
and documented. Samples were transported to the UK and tested for the presence of the NDM-1 gene, blay,,,, by PCR
and DNA probing. As a control group, 100 pL sewage effluent samples were taken from the Cardiff Wastewater
Treatment Works, Tremorfa, Wales. Bacteria from all samples were recovered and examined for blay,, by PCR and
sequencing. We identified NDM-1-positive isolates, undertook susceptibility testing, and, where appropriate, typed
the isolates. We undertook Inc typing on Wayy, -positive plasmids. Transconjugants were created to assess plasmid
transfer frequency and its relation to temperature.

Findings From Sept 26 to Oct 10, 2010, 171 seepage samples and 50 tap water samples from New Delhi and
70 sewage effluent samples from Cardiff Wastewater Treatment Works were collected. We detected blayg,,, in wo of
50 drinking-water samples and 51 of 171 seepage samples from New Delhi; the gene was not found in any sample
from Cardiff. Bacteria with bla,g,,, were grown from 12 of 171 seepage samples and two of 50 water samples, and
included 11 species in which NDM-1 has not previously been reported, induding Shigela boydii and Vibrio cholerae.
Carriage by enterobacteria, asromonads, and V cholers was stable, generally transmissible, and associated with
resistance patterns typical for WDM-1; carriage by non-fermenters was unstable in many cases and not associated
with typical resistance. 20 strains of bacteria were found in the samples, 12 of which carried Hayy,, on plasmids,
which ranged in size from 140 to 400 kb. Isolates of Aeromonas caviae and V cholerae carried bla,g,, , on chromosomes.
Conjugative transfer was more commmon at 30°C than at 25°C or 37°C.

Interpretation The presence of NDM-1 p-lactamase-producing bacteria in environmental samples in New Delhi has
imponant implications for people living in the city who are reliant on public water and sanitation facilities.
International surveillance of resistance, incorporating environmental sampling as well as examination of dinical

isolates, needs to be established as a priority.




Wordwide distribution of
carbapenemases NDM-2012
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Genome comparison
of NDM producers
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Infections with NDM producers

E. coli, Klebsiella, Enterobacter, Serratia, Citrobacter, Pseudomonas, Acinetobacter

Asymptomatic colonisation

Wound infection / Diabetic foot

Lower urinary tract infection

SEVERITY
Upper urinary tract infection

Nosocomial pneumonia / VAP

Intra-abdominal / pelvic infection

Bacteraemia / septicaemia

Neurosurgical meningitis



Infections with NDM producers

E. coli, Klebsiella, Enterobacter, Serratia, Citrobacter, Pseudomonas, Acinetobacter

Asymptomatic colonisation
Wound infection / Diabetic foot
Lower urinary tract infection
Upper urinary tract infection
Nosocomial pneumonia / VAP

Intra-abdominal / pelvic infection

Bacteraemia / septicaemia

Neurosurgical meningitis

- Mo difference between
MNDM and non-NDM

pml:lu:ers

- No known virulence
factors for NDM

producers

- NDM producers will not
respond to conventional
antibiotics llli




Escherichia coli

= 1st human bacterial pathogen
* 1st community-acquired pathogen

* 1st cause of urinary tract infections
and diarrhea

By, Py | ey




ANTIMICTROHIAL MAEENTS AND CHEMOTHERAFY, Sl:pﬂ. A1, P 42734 AT
DEGARM IR1I200  dod 1O LI ZEAAC DOIGS-11
Copyright & 2011, Amcrican Socicty for Microbiology. All Righls Rescrecd.

Analysis of the Resistome of a Multidrug-Resistant NDM-1-Producing
. Escherichia coli Strain by High-Throughput Genome Sequencing”
Laurent Poirel, Eémy A. Bonnin, and Patrice Nordmann*
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Analysis of the Resistome of a Multidrug-Resistant NDM-1-Producing
" Escherichia coli Strain by High-Throughput Genome Sequencing”
Laurent Poirel, Eémy A. Bonnin, and Patrice Nordmann*

k 130kb =

Plasmids
Chromosome NDM-1, CTX-M-15 Broad-spectrum B-lactam R

TEM-1, OXA-1,0XA-9, OXA-10, Narrow-spectrum B-lactam R
OmpC deficience Multiresistance ArmA, RmtB, AAC6' Broad-spectrum aminoglycoside R
OmpF deficience Mutliresistance AphA, AAC3’

Acetylase Chloramphenicol R
AmpC B-lactam R Ribosylase Rifampin R
cephalosporinase QepA Quinolone R

ErmB, mel, mphB Macrolide R

BleMBL Bleomycin R
GyrA, ParC Fluoroquinolone R Sull Sulfamide R

Dhfrl, Dhfr 12 Trimethoprim R

QacE Quaternary ammonium R

merATPADE Heavy metals R




A successful story

Antibiotics; misuse and
overuse,
over-the-counter sale

Spread af_MDM_l prndt.lczrs Subtropical continent
in E. coli, K. pneumoniae...

..and then higher mortality rate and length of hospitalization, overuse of
broad-spectrum of antibiotics....




INDIA'S SANITATION DIVIDE

City dwellers are more likely than people in rural
areas to have flushing toilets, but only one-third

of those toilets are connected to underground ——
sewers; the rest go to septic tanks.

“RURAL

Flush or 19.4%,

pour toilet
72.6%

11.3%

T S e T

Pit or
service
latrine

No latrine
within
premises
18.6%

69.3%




Retail sales of carbapenem antibiotics to freat Gram-negative
bacteria are increasing rapidly in India and Pakistan
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Prevalence of faecal carriage of Enterobacteriaceae with NDM-1
carbapenemase at military hospitals in Pakistan, and evaluation
of two chromogenic media

John [L Perry®*, Sakeenoh Hussain Nogwi®, Irfan Ali Mirza®, Shehlo Ambmen Alizai®, Aamir Hussain?,
Sandrine Ghimrdi?, Sybvain Orenga?, Kethryn Wilkinzon!, Meil Woodferd®, Jlandheng Thang®, David M Livermare®,
Shahid Ahmad Abbasi® and Muhommad W. Rara’

Microbiningy Departrmient, Freeman Haspitnl, Newcostle upon Tyme NET TOM, LK: “Micmbicl sgy Depart ment, Armad Forces Tnstitute of
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Objective £ To determine the pevalence and ontimicrobial 3 uscegtibiity of corbopenemoe-producng Entero-
bocienocens omaong hospiolined potents ond ouipabents ortending two mistory hospitols in fowal pind,
Foleston, and to compare the performaonce of two chromogenic oulture media for the Eoiction of these organ-
=S,

Methods: 5100l somples from 200 distinet patient s were cultured on MocConkey ogar ond subssquentby on twa
chiromogenic medio=—_{ol orex K¥PC and o peototype chromogenic medium, D Corbo—designad for the isolation
of corhap enemase-producing Entersbactenorsoe. Al Grom-negathe iSoioes growing on eithes Chromogens:
medium weane investigoted for corboperemases by phenoiypic ond moleculor methods. Poducers werne

Results: [ tobal, 64 MOM-1-posithe solates of Enterabatencens, belonging 1o seven deline speces, wers

recoyared feom 37 (1 £5%) of the ool samples, ko other corbopenemimse types were confirmed. Minetean

somples among 130 from outpatients (prevaience 13.8%). Ffty-six sclotes (B7.5%] horbouring the MDM-1
enTyme were necovered on [ Corbo compomed with & 1 soiotes |54.1%) on Colores. KPC [P 00002 ). Muttidnag
FESHIONCE WS peevnlent, DUl no pon-ressiont smares weee Tfound, WHEN MosT S0k & Susceptibie &0 Mo D
ooictin (9 7%], mednom (95%], fosformycin (B4% ], Sgeoydine (20%) ond niteofuronton (TE%],

Condusions: This study shows o high prevolence of mul Bdrug-regsiont Entesoborc teroceoe with the NDM-1

gnzyme in Rowaipendl The new dwomogenc medum, (D Carba, was momre sensine than Goiores KPC and
feos potentssl ot 0 soeening medium for ol ofon of Entercbocteroceos horbowring the NOM-1 eroyme.

Krywords B-lociomoses, antimicrobial resistonce mechonism s, Eschenichio coli
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Emergence of an
Autochthonous and
Community-Ac quired NDM-
1-Producing Klebsiella
pneumoniae in Europe

T THE Enrmoe—The recenfly identi-
tified carbapenemese Mew Dehli metal k-
Placiamess  (WDM-1)  inoctiveies ol
PAlactams enapt axtreodaanm [1]. The cor-
responding gene that 15 wsually plasaad-
burrme has spresd masdy in Exfendag ol
and Klebsela prewmonize |1, 2. NDM-1
prodisers e 7:u.1]tid.mg rest bl OF Even
et b0 all antibastics [1. 2], Whees
contamunation with NDM-1 produces is
maithy bogpital asociated, rae s of
ciEmmunity scquiston are known and
hove been trced by the Indisn sobe
continest [1],

Hre, we report @ worman agal 83 pan
who had cmitis due o 2 muohidneg-
resiband K pramonas m June 2011 She
haed a2 history of multple amd secupent
episde of arinery trsd bnkctions cassed
by diverse Enterobacieriscese ihai wem
ahvays treated with mamowv-gpectrum an-
ihistics Basne the patient’s symploms
ended w o dissppear gromtaneo dy and
rapadly, the brtest cystitis epissde had mot
lees treated.

E pnasroniae EDL weas restatani 1o 2l

Polymerase chain resdion, sequending
and  plEmid  aebsi,  pefiormal =
desaibad ciewhere [5], mwesled tha
E preumoriae EDU  herbosed the
Mg : calapeemae gese and
the blicm..o  extended -4 pearum
B-lectamase gene, which were located
on 2 different plamids (both being
approdmately 150 kb in size)., The
molste coexpremed the CMY-2 cepha-
bt s 1 st v, which wat locsied on
the Mgy, plasmid. In sddition, A
piksesad the grrl gene emooding re-
sistance bo quinokmes and the Blag,
gene encoding a resriced-specirum ox-
.u:liﬁue.lwth“m'b-tiq_]ﬁcﬂﬁlm e
Bty s i o Platemied Boah plismids were
sll-transferable by conjagation. and the
Iﬁ_.,,,_.“_, 'phmill wias und 1o be of
the IncAfl brosd-hist mnge type [6].
Multilocus sequence typing [7] realis
shrwed ihat K p—.ruunmﬂ'u EIVLT e
hn';ﬁl o ihe sepuence typse 1, wa lrr e,
previomly  reported WM -1-postive
E prewnomae isoltes were of othe se-
aquence types [eg, ST and ST147) |6).

Meither this potient mor her b shamn d hod
saveled to sry country in the previous 3
v, inchading coumires with a Hgh

0 MDONTH

of HDM-1 produsers outside i main
(Indisn  subcomtiment].  The
surce of cnlaminstion emeams oo
kmown bl may be difcull o find, be-
caust  perisence of NDM-1  prodisers
in haman flom has bem evidenced to
b 1 yemar [9].

This present report may indicsle the
ongoing spread of NDM producens in
the ::ﬂﬂ\'.'rll.l:l't't!.' wernt Bwiade, A rh'dvlﬂunr
pempectiie oould beits gpread smmdar to
that meported for extended-specirum
Blactamases of the CTX-M-type, which
are niow 0ot ed.
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The carbapenemases in Enterobacteriaceae

Penicillins Cephalosporins  Cephalosporins B-lactams/ Carbapenems
Enzyme 1stet 2 3r/4 th Inhibitors of
generation generation B-lactamases
Ambler class cefepime
cefpirome
Penicillinases: KPC, IMI, GES..
A [ ]

Metallo-enzymes: VIM, IMP, NDM-1

- |

Oxacillinases =0XA-48, OXA-181
D S . D

* Cephamyc for most class As




Emergence of oxacilinase-mediated resistance to
Imipenem in Klebsiella preumoniae
Poirel L, Héritier , Nerdmann P. Toldn, AAC 2004




OXA-48 + CTX-M-15




The Netherlands ~ Switzerland ji51y Russia

Germany Slovenia
Belgium ‘

I |/ »)

U} \ |/ ( ——
Ireland
w ‘ ' Lebanon

Erance ) Israel

| ‘ Jordan

Spain—_] §g:—

Egypt

Morocco

Algeria

Tunisia %’ " ‘ » i
Lybia 2 J p } saultanate of
& “,‘ Oman

Kuwait

L[

India

O Single OXA-48-like-producing isolates
@ Outbreaks of OXA-48-like-producing isolates
@ Nationwide distribution of OXA-48-like-producing isolates



The Netherlands  Switzerland 44 =

A AAC

Genetic Features of the Widespread Plasmid Coding for the
Carbapenemase OXA-48

Laurent Polrel, Remy & Bonnin, and Patrice Mordmann
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European dissemination of a single OXA.-
48-producing Klebsiella pneumoniae clone

= A. Potron', J- Halpnel, L. Poirel' and P. Nordmann'
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* Aix-la-Chapelle

Outbreak of OXA-48-Positive Carbapenem-Resistant
Klebsiella pneumoniae Isolates in France’

Gaelle Cuzon,' Jocelyne Ouanich,” Remy Gondret,® Thierry Naas,' and Patrice Nordmann'*
Service de Bactériologie-Virologie, INSERM U914 Emerging Resisiance to Anibictics, Hapital de Bicére, Assivtance Publique-Hopitate: de
Paris, 1273 Le Kremnlin-Bicétre, Faculté de Médecine, Université Paris-Sud, France'; Laboratoire de Microbiologie,

Centre Hospitalier Inters I de Vilk St. Georges, Villeneuve-Si. Georges, France™:
and Service d'Anesthésie-Réanimation, Centre Hospitalier It | de
Villeneuve-5St. Georges, Villeneuve-St. Georges, France®

ted 13 February 2011

010 20 30 40 50 km

= Chef-ieu  *Ville importante — Limite de Conurbation Terres au-dessous
de province province delaRandstad  duniveau de la mer

2 January 2011/, v

Rexeived 20 October 2010 for

s Klebsiella iae isolates the OXA-48 carbapenemase, obtained from 10 patients
hospitalized from April to June 2010, mostly in the medical intensive care unit of the Villeneuve-Saint-Georges
Hospital in a suburb of Paris, France, were analyzed. Seven patients were infected, of whom five were treated
at least with a carbapenem, and five patients died. Molecular analysis showed that the isolates belonged to a
single clone that harbored a 70-kb plasmid carrying the bla,, ., .. gene and coproduced CTX-M-15 and TEM-1
B-lactamases. This is the first reported outbreak of OXA-48-producing K. preumoniae isolates in France.




Spread of carbapenemase producers in Enterobacteriacae

Endemic

I ! !n!errealona! sEreaa

[] Regional spread

[] Independent hospital outbreaks
[] Single hospital outbreaks

|:| Sporadic occurrence

|:| Not reported / no data

Canton R et al. CMI in press



Spread of carbapenemase producers in Enterobacteriacae

in Europe
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Letter to the Editor

Occurrence of the Carbapenem-Hydrolyzing B-Lactamase Gene blagy, 45 in the
Environment in Morocco




Répartition (en pourcentage) des souches positives (n=109)
CNR Résistance ATB- Janv-Juin 2012, en fonction du type de
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Répartition (en pourcentage) des souches positives (n=109)
CNR Résistance aux Antibiotiques en fonction du type
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When to suspect carbapenemase production ?




Emergence of oxacilinase-mediated resistance to
Imipenem in Klebsiella preumoniae
Poirel L, Héritier , Nerdmann P. Toldn, AAC 2004




Carbapenem breakpoints in Enterobacteriaceae-2011

| — —

FDA CLSI EUCAST
S S R S R
Imipenem <4 <1 >4 <2 >8
Meropenem <4 <1 =4 <2 >8
Ertapenem <2 <0.25 21 <05 »>1
Doripenem <0.5 <1 =4 <1 >4




JournAL OF CLINICAL MICROBIOLOGY, Aug. 2010, p. 2999-3002 Vol. 48, No. 8
0095-1137/10/$12.00  doi:10.1128/JCM.00341-10
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Comparison of BD Phoenix, Vitek 2, and MicroScan Automated
Systems for Detection and Inference of Mechanisms Responsible
for Carbapenem Resistance in Enterobacteriaceae’

Neil Woodford,'* Anne T. Eastaway,” Michael Ford,” Alistair Leanord,* Chloe Keane,*

Reinhard M. Quayle,” Jane A. Steer,” Jiancheng Zhang,' and David M. Livermore'

We assessed the ability of three commercial systems to infer carbapenem resistance mechanisms in 39
carbapenemase-producing and 16 other carbapenem-resistant Enferobacteriaceae. The sensitivity/specificity
values for “flagging” a likely carbapenemase were 100%/0% (BD Phoenix), 82 to 85%/6 to 19% (MicroScan),
and 74%/38% (Vitek 2), respectively. OXA-48 producers were poorly detected, but all systems reliably detected
isolates with KPC and most with metallo-carbapenemases.

N°. Isolates
Phoenix Microscan NM36 Microscan Vitek 2
NBC39

Pos Neg Pos Neg Pos Neg Pos Neg
KPC (n=8) 8 0 8 0 8 0 8 0
MBL (IMP, VIM, NDM; n=20) 20 0 19 1a 20 0 16 42
OXA-48 (n=11) 11 0 6 5 4 7 5 6
E. coli/Klebsiella spp., 10 0 10 0 8 2 8 2
ESBL/porin loss (n=10)
Enterobacter spp., AmpC/ESBL, 6 0 5 1 5 1 2 4

porin (n=6)




Reasons for such an heterogeneity

* Variability of the strains genetic background
(+/-impermeability and +/- other B-lactamases)

* Variability of the -lactamase variant (+/- strong
carbapenemase activity)

* Variability of genetic support:
chromosomal (1 copy) vs plasmid (+/- high copy
humber)

» Variability of gene expression:
+/- strong promoter
position of the gene cassette if integron-encoded



However...

» Carbapenem non-susceptible isolates do not
necessary produce carbapenemases

— ESBL production + permeability defects may
lead to resistance, in particular to ertapenem

— AmpC production + permeability defects may
lead to resistance, including to imipenem



ESBL + decreased outer membrane permeability

Ertapenem
Resistance of
Escherichia coli

Marie-Frédérique Lartigue,” Laurent Poiral *
Claire Poyart, T Héléne Réglier-Poupst, T
and Patrice Mordmann®

Emerging Infectious [seases « wwicdegoviekd « Val, 13, Mo 2, Febnuary 2007

An ertapenem-resistant Eschernchia coli isolate was
recovered from peritoneal fluid in a patient who had b=en
treated with imipenemicilastatin for 10 days. Ertapenem
resistance may b= explained by a defect in the outer mem-
brane protein and production of extended-spectrum
f-lactamase CTX-M-2.
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Imipcnem Kesistance in Klebsiella prewmaorniiae 15 Associated
with the Combination of ACT-1, a Plasmid-Mcdiated AmpC

= B-Lactamase, and the Loss of an Outer Membrane Protein E

PATRICLA A BRADFORD,'* CARL UH_ELFI.]:{.:"':' NORIEL MARIANG, STEVEN 1. PROIAN,
JAMES J. RAHAL ™ anp KAREN BUSH'T
Wietiz- vrer Resmarcly, e B, New Yok The Bew York Hleoital Wedical Conter of Geeens, Flashing, New
York®: and Deparimerits of Mierohisdopy™ and Medietne,* Commell Dnbversiiy Wealicad Ceallege, New Ve, N York
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Cloxacillin-containing plates

+ Cloxa
-very useful: Enterobacter

Serratia, C. freundii...

-useful: K pneumoniae :
E. coli... E. coll

- Cloxa




Inhibition by cloxacillin;non-

carbapenemase/carbapenemase producers

ERT
(mm)

E. doace

AmpC overproducers 22
n=20

E. doaze
carbapenemases 16
n=20

ERT + CLOXA

(mm)

31

16



Inhibition;KPC detection

AT IPrA

ETP

(Nordmann, Cuzon, Naas Lancet Inf. Dis. 2009)
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Evaluation of Boronic Acid Disk Tests for Differentiating KPC-Possessing
Klebsiella pneumoniae Isolates in the Clinical Laboratory”

Athanassios Tsakris,'* Iouha Kristo,? Aggelllu Poulou,? Katerma Themch-D1ga1ak%4
Alexandros Ikonomidis,> Dimitra Pctropoulou, Spyros Pournaras,” and Danai Sofianou
Department of Microbiology, Medical School, University of Athens, Athens,' Department of Microbiology, Medical Schoaol,
University of Thessaly, Larissa,” Deparmmnt of Microbiology, Serres General Hospital, Serves,” Department of Mtcmbwiagy,

Tzaneion General Hospital, Piraeus,” Department of Microbiology, Saint Panteleimon Genem.t’ Hospital, Nicea,” and
Department of Microbiology, Hippokration University Hospital, Thessaloniki,® Greece

Received 5 October 2008/Returned for modification 17 November 2008/Accepted 4 December 2008

The worldwide increase in the occurrence and dissemination of KPC B-lactamases among gram-negative
pathogens makes critical the early detection of these enzymes. Boronic acid disk tests using different
antibiotic substrates were evaluated for detection of KPC-possessing Klebsiella pneumoniae isolates. A total
of 57 genotypically confirmed KPC-possessing K. pneumoniae isolates with varying carbapenem MICs were
examined. To measure the specificity of the tests, 106 non-KPC-possessing isolates (89 K. pneumoniae and
17 Escherichia coli isolates) were randomly selected among those exhibiting reduced susceptibility to
cefoxitin, expanded-spectrum cephalosporins, or carbapenems. As many as 56, 53, and 40 of the non-
KPC-possessing isolates harbored extended-spectrum B-lactamases, metallo-pB-lactamases, and plasmid-
mediated AmpC P-lactamases, respectively. By use of CLSI methodology and disks containing imipenem,
meropenem, or cefepime, either alone or in combination with 400 pg of boronic acid, all 57 KPC producers
gave positive results (sensitivity, 100%) whereas all 106 non-KPC producers were negative (specificity,
100%). The meropenem duplicate disk with or without boronic acid demonstrated the largest differences
in inhibition zone diameters between KPC producers and non-KPC producers. By use of disks containing
ertapenem, all isolates were correctly differentiated except for five AmpC producers that gave false-
positive results (sensitivity, 100%; specificity, 95.3%). These practical and simple boronic acid disk tests
promise to be very helpful for the accurate differentiation of KPC-possessing K. pneumoniae isolates, even
in regions where different broad-spectrum B-lactamases are widespread.




Carbapenem-hydrolyzing metallo-f-
lactamases (IMP, VIM, NDM)

* Requires zinc ions to be functional
* Not inhibited by clavulanic acid

* Inhibited in vitro by EDTA and dipicolinic acid

* Hydrolyse penicillins, broad-spectrum cephalosporins,
cephamycins, carbapenems, but NOT monobactams



Metallo-B-lactamase; £. col/i (NDM-1)




Metallo-B-lactamase; K pneumoniae (NDM-1)

FOX

®
CXM




Metallo-carbapenemase; detection

EDTA is a good inhibitor

Walsh et a/. JCM, 2002, 2755-9



Detection of MBLs
. it i iz

IMP (16 pg/ml)

Test +

IMP + EDTA

IMP (< 4 pg/ml)

Test ?




Combined disk tests

IMP

IMP + EDTA




Combined disk tests

IMP

AMC
IMP + EDTA

ATM




Combined disk tests

IMP

IMP + EDTA

ESBL (SHV-12) and metallo-B-lactamase (IMP-4) poirel et al., Pathology, 2004, 36, 366-8



In-vitro spectrum activity of class D B-lactamases

Penicillins Cephalosporins  Expanded-spectrum B-lactams/ Carbapenems
1st and 2nd cephalosporins Inhibitors of
generation B-lactamases

Class Enzyme

ol T — ——-



OXA-48 and resistance to temocillin




1:10 dilution of 0.5 McF
suspension of E. coli
ATCC 25922

= 10 pg imipenem disk in
the center

= [Each test isolate
streaked from the the

disk to the edge of the
plate

= |solate A is positive,
Isolates B-D are
negative




Value of the Modified Hodge test for detection of emerging carbapenemases
in Enterobacteriaceae.

OXA-48  KPC=2 OXA-48 KPC-2

NDM-1 NDM-1

(a) (b)
MH MH + ZnSOa4




A method for expert labs; spectrophotometry detection

of carbapenemase activity

- 18 h Culture-protein extraction-
measurement of carbapenem hydrolysis by UV
spectrophotometry

0,170
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n=nn 2:0n 1:00 ac0n f:00 1n-nn
58

0:00 2:00 4:00 G:00
Time n:ss

- 10 pl of bacterial crude extract + 100 yM of imipenem
- wavelength: 297 nm

Bernabeu, Poirel & Nordmann, Diag Microb Infect Dis, 2012 in press



Mass Spectrophotometry
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Using Matrix-Assisted Laser Desorption lonization-Time of Flight
Mass Spectrometry To Detect Carbapenem Resistance
within 1 to 2.5 Hours"

Irene Burckhardt® and Sicfan Zimmenmann
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Molecular tests - PCR- Sequencing:
6old Standard

Muluplex PCR for detection ol acquired carbapenemase genes
Laurent Poirel**, Timothy R. Walsh®, Vincent Cuvillier®, Patrice Nordmann®
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The problems of detection of
~_carbapenemase producers

(D Experienced personal

(@ Time consuming; 24-72 h or
more

@ Variable sensitivity and specificity

4) Expensive; molecular techniques




Which is the situation ?

Currently available diagnostic tests for carbapenemase producers

O Susceptibility testing : imipenem, ertapenem, meropenem:CLSI, EUCAST guidelines
O  Phenotypic detection

- Hodge test; modified Hodge test
- Inhibition; EDTA, clavulanic acid, boronic acid...

U

Carbapenem hydrolysis (spectrophotometry, mass spectro)

O Molecular biology

- Specific PCR, muliplex PCR +/- sequencing
- Real time PCR (Check Point)
- DNA Microarray (Check Point)

Goal

A rapid, specific, sensitive, cheap test for detection of
carbapenemases in Enterobacteriaceae worldwide



Principle of the test

R Carbapenemase -
m“ o]
5 I SR
O
COOH H,N
COOH
Carbapenems Acid production
Imipenem
Meropenem
Ertapenem
Doripenem

Colorimetric detection pH







The Carba NP test; the kit

Lysis buffer Solution A

(Diluted red phenol pH=7.8
+7ZnS0O, 0.1 mM)

96 wells.pla’re

§ =
Solution B P 3
(3 mg of imipenem powder) -




Strains collection

- Carbapenemase producers : n=162

- The enterobacterial species; £ .coli (n= 22), K. pneumoniae, (n=81),

others (n =59)

- Variability of the level of resistance to carbapenems

- KPC (n=49), VIM (n=26 ), NDM (n= 28),0XA-48 type (n= 27),
others (n= 12)

» Carbapenemase non-producers: n= 46

- The enterobacterial species; E.coli (n=13),K. pneumoniae (n=
17), others (n=16)

- Decrease susceptibility to carbapenems (n=23) including
combined mechanisms of resistance (outer membrane
permeability defect+ CTX-M, AmpC...)

- Wild-type susceptibility to carbapenems (n=23) including
CTX-M or AmpC producers.



Interpretation of the Carba NP test

Imipenem

No inoculation §

Non-carbapenemase producer SESg
Carbapenemase producer
e



The Carba NP test

Sensitivity = 100%

Specificity = 100%

Nordmann, Poirel, Dortet, Emerg Infect Dis, 2012, 18:1503-1507



The Carba NP test

Ambler Carbapenemase type Mean Fi_m_e for

class positivity
A KPC 15 min- 1h
A GES-2, -5 1h-1h30
B NDM 20-50 min
B VIM 20-50 min
B IMP 5-30 min
D OXA-48 30-40 min




Question ; any carbapenemase here ?

K. pneumoniae K. pneumoniae K. pneumoniae




Question : any carbapenemase here ?

K. pneumoniae
CTX-M15 + impermeability K. pneumoniae OXA-48 K. pneumoniae KPC-2

.
(-) 2 hours S ..

E. col/i NDM-1




The Carba NP test

(D Rapid; less than 2 h

Sensitive; 100%

Specific: 100%

Detection of any type carbapenemase activity
Cheap : 0.5 USD

Easy-to-handle

Qe 06 6

Implementable worldwide



Carbapenemases- Enterobactericeae
reservoirs

Turkey
Poland f
VIM
Alaska 551
faly KPC =
USA Greece Japan
.. i = o
e
Caribbean Islands OXA-48 IMP-VIM
KPC Morocoo — Taiwan
y - 4‘./ Algeria q Q
~ OXA-48

Venezuela

. P w
Pakistan A
) )
[ )

Israel NDM-1 —l

v
ot LS 7 I
-
OXA-48/0XA181 L
Brazil ﬁ

Colombia

Argentina



Detection of carbapenemase producers
_as colonizers of the intestinal flora

Oxoid Brillance CRE agar

(Thermo Fisher)
contains a carbapenem

ESBL ID bioMérieux
(Carbapenemase and ESBL producers)

contains a cephalosporin

CHROMagar KPC
(carbapenemase producers)

contains a carbapenem
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How To Detect NDM-1 Producers’

Patrice Nordmann,'* Laurent Poirel,"” Amélie Carrér,’ Mark A. Toleman,” and Timothy R. Walsh?

TABLE 1. Sensitivity of detection of 27 NDM-1 producers by ChromID ESBL and CHROMagar KPC media, results of the combined disk
test” and the Etest MBL, and MICs of several p-lactams

MIC (pg/ml)” Lower limit of detection

Country of Etest IMP/IMP + (CFU/ml)
Feolite isolation — MBL  EDTA  Guooin  CHROMagar
CTX  CAZ IMP ETP MER DOR ESBE: KPC
E. coli
A Australia =32 =256 6 4 4 >32 - - 2 % 10! 3% 10!
B France =32 =256 3 3 2 2 + + 2% 10 3= 107
C India =32 =256 2 >32 24 6 + + 3% 10 3% 10!
D India =32 =256 16 >32 16 3 + + 1 % 10! 1% 10"
E India =32 =256 32 >32 >32 24 + + 2% 107 1% 10!
F India =32 =256 =32 =32 16 16 + + 1 = 10! 3Ix 10
G India =32 =256 4 >32 8 3 + + 3% 10 4% 10
H India >32 =256 L5 8 2 1 + + 1 x 10" 2% 107
I India >32 >256 3 >32 6 2 + kS 1% 10' 1% 10'
1 India =32 =256 2 4 2 1.5 + + 8 x 10" 1x10*
E. cloacae
A India =32 >256 8 6 6 4 - e 1% 10! 5% 10!
B India =>32 =256 =32 12 8 12 + + 1 = 10 1% 10"
C India =32 >256 2 16 2 1 + + 3Ix 107 4% 10°
D India >32 =256 0.75 3 1:5 1 — + 1 = 10" 1% 107
K. pnewmoniae
A Kenya =32 >256 =32 >32 >32 =32 + . 2% 10! 1% 10'
B Sultanate of =>32 =256 =32 >32 =32 >32 + + 1 = 10" 2% 10
Oman
C Sultanate of =32 =256 1 6 2 2 + + 1 % 10 3% 10°
Oman
D India =32 =256 =32 =32 =32 =32 + + 2% 10 3% 10
E India >32  >256 0.75 8 2 1.5 - - 1% 10 3% 10°
F India >32  >256 >32 >32 >32 >32 - - 1% 10" 8 x 10'
G India =>32 =256 2 6 2 1.5 + + 1 = 10 1% 107
H India >32 =256 =32 >32 >32 >32 - + 1% 10! 5% 10°
1 India >32 =256 =32 >32 =32 =32 + + 1 = 10" 5% 10°
] India =32 =256 6 >32 16 12 + + 1% 10! 1% 10!
K. oxytoca A India =32 =256 2 4 3 3 + + 1% 10 110
C. freundii A France =32 =256 =32 =32 =32 =32 + + 1 =10 1% 10
P. retigeri A India >32  >256 3 0.5 15 075+ - 5% 10° 5% 10°
“ IMP, IMP plus EDTA.
" CTX, cefotaxime; CAZ; ceftazidime; IMP, imi ETP, ertapenem; MER, meropenem; DOR, doripenem,

€ —, not interpretable.
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How To Detect NDM-1 Producers’
_ Patrice Nordmann,'* Laurent Poirel,"” Amélie Carrér,’ Mark A. Toleman,” and Timothy R. Walsh?
A

TABLE 1. Sensitivity of detection of 27 NDM-1 producers by ChromID ESBL and CHROMagar KPC media, results of the combined disk
test” and the Etest MBL, and MICs of several p-lactams

MIC (pg/ml)” Lower limit of detection

Country of Etest IMP/IMP + (CFU/ml)
Feolite isolation — MBL  EDTA  Guooin  CHROMagar
X CAZ IMP ETP MER DOR ESBL KPC
E. coli
A Australia =32 =256 6 4 4 =32 - - 2 % 10 3% 10!
B France =32 =256 | 3 3 2| 2 - + 2% 10! 3% —m
C India =32 =256 p >32 | 6 + + 3% 10 3% 10
D India =32 >256 16 >32 16 3 + + 1% 10 1% 10"
E India =32 =256 32 >32 >32 24 + + 2x 107 1% 10!
F India =32 =256 =32 >32 16 16 + + 1 % 10 3% 10
G India =32 >256 4 >32 8 3 + + 3% 10! 4% 10
H India >32 >256 [ 13 8 2 | 1 + + 1% 10" 2x10°
I India >32 >256 3 >32 6 2 + + 1% 10! 1% 10!
J India >32 =256 | 2 i 2 | L5 + + 8x 10" 1% 10" e
E. cloacae
A India =32 >256 8 6 6 4 + . 1% 10! 5% 10!
B India =32 =256 =32 12 8 12 + + 1% 10 1% 10"
C India =32 >256 2 16 2 1 + - 3107 4% 10°
D India =32 =256 0.75 3 15 1 =+ + 1 % 10" 1% 107
K. pnewmoniae
A Kenya =32 >256 =32 >32 >32 =32 + . 2% 10! 1% 10'
B Sultanate of =32 =256 =32 >32 >32 >32 + + 1% 10° 2 % 10
Oman
C Sultanate of =32 =256 1 6 2 2 + + 1 % 10 Ix 107
Oman
D India =32 =256 =32 =32 >32 >32 + + 2 % 10 3% 10
E India >32  >256 0.75 8 2 1.5 — - 1% 10' 3% 107
F India =32  >256 >32 >32 >32 >32 - - 1% 10" 8 x 10"
G India =32 >256 2 6 2 L5 + + 1% 10 1% 107
H India >32 =256 >32 >32 >32 >32 + + 1 % 10! 5% 10°
1 India =32 =256 =32 >32 >32 >32 + + 1% 10" 5% 107
] India =32 =256 6 >32 16 12 + + 1 %10 1 X 10°
K. ogtoca A India =3 =236 |2 4 3 | 3 + + 1% 10° 1 %10 €——
C. freundii A France =32 =256 =32 =32 =32 =32 + + 1 =10 1% 10
P. rettgeri A India =32 =256 |3 0.5 15 075 + 5% 10° 5% 10° ¢4—
“ IMP, IMP plus EDTA.
" CTX, cefotaxi CAZ; ceftazidi IMP, imi ETP, ertapenem; MER, meropenem; DOR, doripenem,

€ —, not interpretable.
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Use of ChromID Extended-Spectrum B-Lactamase Medium for
Detecting Carbapenemase-Producing Enterobacteriaceae”
— Amélie Carrér, Nicolas Fortineau, and Patrice Nordmann®

. TABLE 1. Sensitivity of detection of ChromID ESBL medium and CHEOMagar KPC medium for 28 carbapenemase- and/or .
ESBL-producing enterobacterial isolates

Lowest limit of detection

MIC {pg'ml) of drug®: (CFU/ml)
[=olate Carbapenamase ESEL p— CHROM

r

CTX CAZ IMP ETP MP ESHL. KFE“E‘
Citrobacier freumdii KPC-2 16 32 4 2 3 =10t 4410t
Serratia mavcescens KFC2 =255 =255 =13 =32 =32 110t 1.4 = 10t
Enterobacter cloacae KPC-2 =254 =254 4 6 2 1x100 25 %10t
Enterobacter cloacae HPTU KPC-2 & 4 1 1.5 1 11 1 10#
Escherichia coli KPC-2 & 4 0.5 0.5 0.5 110 1 10
Klebsiella preumoniae A28006 KPC-2 CTX-M-2 =25 16 16 24 32 1x10t 83 =10t
Klebsiella preumaoniae 588 KPC-2 16 48 24 32 16 110 1410t
Klebsiella preumoniae £33 KPC-2 CTX-M-12 =258 =254 =32 =32 4 1x10t L6x 10t
Klebsiella preumoniae 2300 KPC-2 =256 =256 =32 =32 =32 Bx10t 23 =10t
Klebsiella preumoniae GR. KPC-2 =254 =254 12 24 i =10t 151t
Escherichia coli VIM-1 CTX-M-3 =756 >256 1.5 0.5 0.5 110t 2% 10°
Ercherichia coli IMP-1 =256 =256 0.5 3 0.5 110 2% 10°
Serratia marcescens IMP-1 =254 b 4 =32 4 110t 7 10t
Klebsiella preumoniae 6852 IMP-1 =256 =254 1 2 8 1=10t L7= 10t
Klebsiella preumoniae VIM-1 CTX-M-3 =254 =254 1 2 1 310 2% 10
Klebsiella preumaoniae 149 IMP-4 SHV-12 =256 =256 2 4 2 2% 10 1 107
Klebsiella preumaoniae VIM-1 SHV-5 =256 =756 =32 =1 =32 1x100 s57=10t
Enterobacter cloacae VIM-1 CTX-M-3 =254 =254 3 4 2 1x10t 15 =10t
| Kiebsiella pneumoniae BIC OXA4R 03 03 0.5 2 05 =210 5 % 10F]
Klebsiella pneumaoniae 1 OXA4R CIX-M-15 =25 2 24 | 16 110 1= 10t
Klebsiella preumonias B OXA4R CTX-M-15 =256 =254 16 =32 32 2% 10t 5% 1P
Klebsiella preumonaie BEL OX AR 0.5 1 1 4 1 =2 % 10 1 107
Klebsiella preumoniae LIB OXA4E 2 1 16 16 16 =2 % 107 5 10
Klebsiella preumoniae EG OXAAR CTX-M-15 [ 756 T 3 7 IH I 11
Klebsiella preumoniae 11973 OXA4R SHV-2a (i 256 =12 =32 =37 2% 1t 110t
Providevicia rettgeri OX AR TEM-101 (i 256 =32 =32 =32 6 x 10* 1 107
Citrobacter freundii OXA4R VEB-1 (il 256 =32 =32 =32 3% 10 2% 107
Enterobacter cloacae OXA4R SHV-5 =254 =254 0.5 0.5 0.5 2% 1 1 107

T CTX, cefotadme; CAL, ceftazidime; IMP, imipenem; ETF, ertapenem; MP, meropensm.



A novel screening medium
__(made in Bicétre)

©
SUPERCARBA medium

*‘Use of a Drigalski medium for selection of Gram negatives
- Supplemented with a carbapenem

- Supplemented with cloxacillin

. o S
+ Supplemented with ZnSO, FLT e

Résistances =
Emergentes aux Antibiotiques

A

Nordmann, Girlich, and Poirel, J. Clin Microbiol. 2012



A novel screening medium
(made in Bicétre hospital)

Combines many advantages

» Excellent sensitivity
* for OXA-48 producers thanks to a low concentration of the

carbapenem
* for MBL producers (especially NDM) thanks to the addition of
Zinc ions

+ Excellent specificity
- supplemented with a carbapenem, not a cephalosporin (nho
growth of an ESBL+ and carbapenem susceptible strain)
- supplemented with cloxacillin (no growth of an AmpC-mediated
carbapenem non-susceptible strain)

Nordmann, Girlich, and Poirel, J. Clin Microbiol. 2012,



A novel screening medlum

Supercarba  Brilliance ChromKPC
CRE
Sensitivity (%) 96 76 43

Specificity (%) 61 57 68




Rapid detection of carbapenemase producers

in Enterobacteriaceae is now possible. To be
implemented worldwide

Carba NP test interesting for antibiotic
stewardship and outbreak control

Hodge test, inhibition techniques...are less

likely to be used in the future.. delay for the
results

Molecular techniques are useful mostly for
epidemiological purposes

Screening media are being developed with
good sensitivity and specificity




